The large-scale use of agrochemicals has raised environmental and human health concerns. A comprehensive intervention strategy for improving agrochemical safety among rice farmers in Thailand is lacking. The objective of this study is to develop a model in order to improve farmers' health and prevent them from being exposed to agrochemical hazards, in addition to evaluating the effectiveness of the intervention in terms of agrochemical safety. This study was conducted between October 2009 and January 2011. It measures changes in the mean scores of agrochemical knowledge, health beliefs, agrochemical use behaviors, and in-home pesticide safety. Knowledge of agrochemical use constitutes a basic knowledge of agrochemicals and agrochemical safety behaviors. Health beliefs constitute perceived susceptibility, severity, benefits, and barriers to using agrochemicals. Agrochemical use behaviors include self-care practices in terms of personal health at specific times including before spraying, while spraying, during storage, transportation, waste management, and health risk management. Fifty rice farmers from Khlong Seven Community (study group) and 51 rice farmers from Bueng Ka Sam community (control group) were randomly recruited with support from community leaders. The participants were involved in a combination of home visits (ie, pesticide safety assessments at home) and community participatory activities regarding agrochemical safety. This study reveals that health risk behaviors regarding agrochemical exposure in the study area are mainly caused by lack of attention to safety precautions and the use of faulty protective gear. After 6 months, the intervention program showed significant improvements in the overall scores on knowledge, beliefs, behaviors, and home pesticide safety in the study group (P , 0.05). Therefore, this intervention model is effective in improving agrochemical safety behaviors among Khlong Seven Community rice farmers. These findings demonstrate that a multi-approach model for improving agrochemical safety behaviors can lead to sustainable prevention of agrochemical hazards for farmers.
Introduction
Farmers face various occupational health hazards, including health effects from agrochemical exposure (ie, pesticide exposure), musculoskeletal problems, and injuries. 1 Pesticide exposure is a particularly high occupational risk among farmers in Thailand, 1, 2 and pesticides are widely used throughout the world to protect or promote industrial agricultural products. Pesticides not only destroy pests, but can also damage the surrounding ecosystem and other living organisms necessary for maintaining ecological balance. [2] [3] [4] Organophosphates and carbamates are the most common agrochemicals in the Klong Seven community. 1 Short-term exposure can cause irritation to the skin, eyes, and nose, and impair lung and visual functions. It can also affect memory and cause liver, kidney, and stomach discomfort and aplastic anemia. Both short-and long-term exposure can affect the nervous system. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Several studies have found that farmers are at elevated risk for various cancers, which is related to their exposure to pesticides. 14 The need for large amounts of pesticides has raised human health and environmental concerns. The total morbidity rates of pesticide poisoning in Thailand in 2006, 2007 , and 2008 were 15.9, 18.3, and 14.7 per 100,000 persons, respectively. 15 Morbidity rates associated with organophosphate and carbamate-use represent the highest rates of poisoning among farmers (8.0, 7.6, and 6.6 per 100,000 persons, respectively). 15 This study was conducted in Khlong Seven community, in the Klong Luang district, of Pathumthani province, in Thailand. This community is situated on the Chao Phraya river basin, and is surrounded by numeros canals. Rice farmers living in the Khlong Seven community are often not aware of agrochemical safety, especially in their work places and homes. They may not understand the potential adverse effects of pesticide use on their families' health. Furthermore, ecological risks and contamination of human food sources from organochlorines were found in this area. 16 The Bueng Ka Sam rice farmers were recruited as a control group using the purposive sampling method, and were selected for the similarity of their cultivated land and their year-round growing season. The Bueng Ka Sam community is a subdistrict of Nong Suea district, in Pathumtani province. It is also situated on the Chao Phraya basin near plenty of canals and plantations. Health risk problems associated with agrochemical exposure, especially pesticide, exposure were found in this area.
This study applied the health belief model and community participatory approach to develop a comprehensive strategy for improving health and safety behaviors associated with agrochemical exposure. The study focuses on farmers' perceived susceptibility, severity, benefits, and barriers related to decisions about whether to take action on environmental health concerns regarding agrochemical exposure. [17] [18] [19] [20] Community involvement in environmental health is a participatory approach to health care that is organized from the perspective of the farmer recipients. The participation of community members in the development of the health model increases the likelihood that it will be culturally appropriate and that its format and content will fit the community's cultural system. [21] [22] [23] Since a comprehensive model for improving agrochemical safety among rice farmers in Thailand is lacking, an innovative community-based intervention program related to agrochemical safety behavior is needed. The study objectives are to develop a model to improve farmers' health and prevent agrochemical hazards, as well as to evaluate the effectiveness of intervention programs regarding agrochemical safety behaviors among rice farmers in the Khlong Seven community.
Materials and methods

Research procedure
This study was conducted in the Khlong Seven community between October 2009 and January 2011. The study was designed to maximize internal validity (confidence in causeand-effect conclusions) despite our inability to randomize samples. The study was designed to reduce confounding variables as much as possible, given that random assignment was not available. The eligibility criteria of the respondents included rice farmers who lived in the Khlong Seven community, who had used agrochemicals for at least one year, and who were willing to participate in the study. Fifty rice farmers from the Khlong Seven community (study group) and 50 rice farmers from the Bueng Ka Sam community (control group) were randomly recruited. Data collection was completed using a combination of quantitative and qualitative methods. The research procedure was divided into three phases: (1) the preparatory phase, (2) the pre-implementation phase, and (3) the implementation and evaluation phase (hereafter known as the intervention phase). 1. The preparatory phase included building connections, and conducting a community study, a cross-sectional survey, and a situation analysis. The objective of this phase was to analyze the factors affecting health safety and prevention of occupational agrochemical hazards among farmers in the Khlong Seven community. 2. The pre-implementation phase included recruiting participants, assessing the stakeholers' needs, designing the intervention model, identifying a responsible person for each activity, preparing training materials and instruments, and conducting a pilot project. 3. The intervention phase was a combination of three steps, including the first home visit, community-based participatory activities regarding agrochemical safety, and a second home visit. New materials, such as agrochemical safety videos, picture booklets, flip charts, and posters, were developed using ideas from the Khlong Seven participants. These served as a guideline for introducing the idea of community involvement in environmental health as it relates to agrochemical safety. The materials were distributed to the participants who submit your manuscript | www.dovepress.com Dovepress Dovepress participated the community-based activities on agrochemical safety.
Research instruments
Five experts on environmental health, community health, behavior, and social science verified the content validity and reliability of the questionnaire. A pilot project was carried out in the Bueng Ka Sam community with 30 purposive sampling subjects. The effectiveness of the intervention program was monitored by the changes in the mean scores of knowledge, beliefs, behaviors, and an assessment of pesticide safety in the home. Therefore, the research instruments used for this study were questionnaires on (1) knowledge, (2) health beliefs, and (3) behaviors, as well as (4) an in-home pesticide safety assessment, and (5) a focus-group discussion. 1. The questionnaire on knowledge was concerned with basic knowledge of agrochemical safety behaviors. All of the 22 questions in this part were in multiple-choice format. Examples of the questions included:
• How are you exposed to agrochemicals, especially pesticides? • What are the dangers of agrochemicals, especially pesticides? • What are the most important points to consider when choosing agrochemicals? • What should you do if the nozzle is clogged while you are spraying agrochemicals, especially pesticide? • What is the disposal method for agrochemical containers? 2. The questionnaire concerning health beliefs was divided into four sections including perceived susceptibility, severity, benefits, and barriers to using agrochemicals. The 22 questions were scored on a five-point Likert scale, ranging between strongly agree, agree, uncertain, disagree, and strongly disagree. The questionnaire asked the participants to rate statements such as these:
• Long-term exposure to agrochemicals, especially pesticides can affect the nervous system. • Used pesticide containers can be washed and reused for cooking.
• Someone who is allergic to agrochemicals may experience potentially dangerous complications of other diseases.
• For your safety, you should always read agrochemical instructions before use.
• To reduce the risk of exposure to agrochemicals, especially pesticides, you should spray in the same direction as the wind.
3. The questionnaire concerned with behaviors was divided into two sections of 20 questions specifically on self-care practices before, during, and after handling agrochemicals. The participants were asked to choose from a four-point Likert scale ranging between always, often done, sometimes done, and never done. Examples of use behaviors include: checking tools and equipment before working; using expired agrochemicals; leaving food near or in the spraying area; conducting a breathing test to determine whether an agrochemical is real or fake; discarding empty or expired containers in regular disposal areas; storing agrochemicals in a locked area. 4. The in-home safety assessment identified the safety of behaviors in and around the home. The participants answered twelve questions with "yes" or "no." Examples of these questions included:
• Do you leave agrochemicals in the bathroom?
• Do you leave agrochemicals in the kitchen?
• Do you store agrochemicals in a locked room?
• 
intervention model
The intervention program was a combination of three steps including a first home visit, community-based participatory activities, and a second home visit. The first home visit involved identifying environmental hazards in terms of agrochemical risk in and around the home, as well as educating farmers on agrochemical safety and other observed environmental health and home safety issues. The pretest questionnaires were administered in this phase. At the end of the first visit, a Home Pesticide Safety Checklist was placed in a prominent position in the home. All participants were invited to attend the community participatory activities on agrochemical safety behaviors.
The community-based participatory activities involved discussions on priorities identified during the first home visit. These priorities were related to agrochemical safety such as safe handling and use of agrochemicals, pesticide poisoning and management, and hands-on learning. The participants attended six monthly meetings, and received individual visits from the research team for assistance with safer storage of agrochemicals. Discussions on improving hygiene practices, such as post-application practices and washing contaminated clothing also took place. The research team comprised public health experts, healthcare workers, nurses, and healthcare volunteers who had experience working and living in the study area. Popular education techniques such as a mixed-media format were used by incorporating directed discussion, in-depth interviews, focus group discussions, and role-playing. For example, an agrochemical safety behavior drawing contest was included in this phase. After the community-based participatory activities were completed, the participants completed a post-test with the research team at their home during their second visit.
The second home visit involved observing the farmers' behavior changes and their ability to reduce the risk of agrochemical exposure within their home. The second home visit was performed 6 months after the initial visit. In addition, a problem-solving discussion regarding agrochemical safety and other health-related agrochemical issues arose.
Data analysis
Quantitative data were analyzed using descriptive statistics. Frequencies and percentages were used for demographic, occupational data, and the in-home pesticide safety assessment. Mean and standard deviation were used to determine the scores for the knowledge, beliefs, behaviors questionnaires, and the in-home pesticide safety assessment. An independent sample t-test and chi square were used to compare the scores between the study and control groups from the knowledge, beliefs, and behaviors questionnaires, and the in-home pesticide safety assessment. A paired sample t-test was used to compare changes in the participants' pre-test and post-test scores within the study and control groups.
The qualitative data were analyzed using content analysis. The content analysis was conducted by systematically organizing and interpreting information using categories, themes, and motifs that revealed patterns and relationships.
Results
The baseline comparisons of the demographic characteristics between the study and control groups were not significantly different (P . 0.05). The majority of the participants (54.5%) were male. The average age was 49.91 years. The age range of the sample was 22-60 years. Most of the participants (72.30%) were married and had obtained a primary-level education (55.4%). The average income was 6,702.97 baht per month. Most participants (66.30%) rented the farms where they worked; some (23.2%) owned the land for farming; and the others owned their farms and rented out areas to other farmers. Most had been involved in agricultural labor for an average of 20.48 years (Table 1) .
Rice-farming is a primary occupation in the Khlong Seven community. During the farming season, most of the participants spent 10-12 hours per day, seven days a week, throughout all seasons. They also worked as laborers in the factories in Pathumthani or Bangkok during the off-seasons. An agrochemical backpack sprayer was the most common application method for pesticides in the Khlong Seven community.
This study reveals the major factors related to health risk behaviors through agrochemical exposure in the Khlong Seven community. These factors result from the misuse of pesticides through the erroneous beliefs of farmers about pesticide toxicity, lack of attention to safety precautions, environmental hazards, information about first-aid and antidotes provided by the label, use of faulty spraying equipment or lack of proper maintenance of spraying equipment, and lack of protective gear and appropriate clothing while handling pesticides. Most of the participants used agrochemical products containing organophosphate pesticide as the active ingredient, and the most popular brand name in the Khlong Seven community was Abamectin ® (Crop Products Pvt Ltd., Bangkok, Thailand). The next most frequently used active ingredient was carbamate. Among the herbicides, glyphosate was the most frequently mentioned.
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Comparison of independent variables before and after intervention
The baseline pre-test comparison of the mean scores of knowledge, beliefs, behaviors, and the in-home pesticide safety assessment between the study and control groups showed no significant difference. After 6 months of community-based intervention, there were significant differences in the scores of knowledge, belief, behavior, and the in-home pesticide safety assessment in the study group and control group (P , 0.05). The participants in the study group had significantly higher scores in knowledge, belief, behavior, and the in-home pesticide safety assessment than before they completed the intervention ( Table 2) .
Comparison of dependent variables before and after intervention
The mean scores in the study group between the pre-test and post-test significantly improved (P , 0.05). The participants in the study group had significantly higher scores in knowledge, beliefs, and behaviors, and the in-home pesticide safety assessment after receiving the intervention. The mean scores in the control group between the pretest and post-test showed no significant improvements (P . 0.05) ( Table 2) .
Discussion
Preventing agrochemical exposure and improving agrochemical safety behaviors are important public health concerns. Community involvement is an important means of solving environmental health problems. However, the participants were more concerned with their financial situation. This study found a significant improvement in the study group before and after completion of the program. The significantly improved results demonstrate the effectiveness of the intervention in the study group. These findings were consistent with Janhong et al's study, 24 which found that the experimental group had significantly higher mean scores on knowledge, attitudes, and practices than before the intervention (P < 0.001). The overall mean scores between the pre-test and post-test in the control group showed no significant changes. The increase of some scores (eg, taking a bath immediately after crop-dusting with agrochemicals) may be affected by competing external influences, such as the mass media. It is equally as important to consider that some farmers work with their families, so it was difficult to be sure that the farmers in the control group were not receiving some aspects of the intervention from other sources. However, the safety behavior scores in the "before handling agrochemicals" section were not significantly improved, which implies that the participants needed more motivation and education specifically concerning practices or behaviors before handing agrochemicals. Although the study was carefully designed using the most appropriate method with a control group and a pretest and post-test, it is necessary to interpret the results with caution since they may be affected by external factors such as previous experiences and a recall bias from the pre-test. Moreover, using the questionnaires to measure behaviors may not adequately portray actual behaviors. Qualitative approaches, such as observation, in-depth interviews, and focus-group discussions can provide additional aspects besides the information derived from the questionnaires. Furthermore, statistical significance obviously does not guarantee a measurable impact on pesticide exposure; therefore, the control group was necessary in this study. Further studies should include a biomarker assessment.
This study was conducted in the Khlong Seven community, in the Pathumthani province in Thailand. Other provinces were not selected for the study. Therefore, the results may not be representative of other rural populations with different agrochemical practices. Furthermore, community meetings were arranged to share the study's findings. It is necessary to work collaboratively with the Khlong Seven community partners and local authorities in order to sustain the intervention. It is possible to develop other educational materials to enable this process and to allow other communities to replicate this project. It is also necessary to work with local authorities and advocacy and community farmers to translate the results of the intervention into appropriate policy changes. By giving the community more ownership over agrochemical safety related projects, the Khlong Seven community has the capacity and commitment to operate and manage this project. When the community is closely involved with implementing the study project, they become active members of the project and share responsibility for the results and the effectiveness of the project.
Conclusion
The participants learned that potentially dangerous situations exist in the fields and their homes. The community gained knowledge and took the necessary steps to incorporate agrochemical safety recommendations for their families and community. In conclusion, this intervention model was effective in improving agrochemical safety behaviors among the Khlong Seven community rice farmers. This model can be applied with other vulnerable groups such as maize, orange, and chili farmers. However, beliefs and behaviors can be expected to vary across regions due to differences in origin and cultural diversity.
